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(57) Soft or semi-hard terpolymers 
with high transparency and low crystal- 
Unity are prepared by polymerizing 
ethylene, propylene and 1-butene in the 
presence of a catalyst comprising (1 ) a 
solid substance which contains magne- 
sium and titanium, (2) an organometal- 
lic compound and (3) an electron donor, 
so that the terpolymer contains 75.2 to 
91.5 mol% propylene, 7.5 to 14.9 mol% 
ethylene and 1.0 to 9.9 mol% 1-butene. 
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SPECIFICATION 

Process for preparing terpofymers 

5 This invention relates to soft or semi-hard terpolymers having an excellent transparency and a low 
crystallinity, and also to a process for preparing same. 

As a soft or semi-hard polymer there has heretofore been known polyvinyl chloride. In recent years, 
moreover, copolymers consisting principally of ethylene have come to be known. Also, there have been 
proposed various soft or semi-hard copolymers consisting mainly of propylene, but these copolymers have 
10 not yet been put to practical use. 

Recently proposed is a process for preparing a soft or semi-hard copolymer by random copolymerization 
of propylene and 1-butene (see Japanese Patent Laying Open Print No. 79984/1978). This process, however, 
is not desirable in point of manufacturing cost because the expensive 1-butene must be used in large 
amounts. 

15 Furthermore, in Japanese Patent Laying Open Print No. 104687/1 978 there is disclosed a process for 
preparing a propylene-ethylene copolymer containing 63 to 85 mol% of propylene. However, the copolymer 
obtained by the said process is not satisfactory in strength, it being softer with a Shore A hardness of 30 to 99 
and low in tensile strength. 
As to terpolymers consisting of ethylene, propylene and a-olefin of C 4 or more, their preparing methods 

20 are known for example from Japanese Patent Laying Open Prints Nos. 79195/1976 and 26883/1978. In all of 
these methods, a crystalline terpolymer is prepared using a catalyst comprising the combination of a 
TiCI 3 -containing component and an organoaluminium compound. These methods, however, are disadvan- 
tageous in that a soft or semi-hard copolymer cannot be obtained. 
It is an object of this invention to provide soft or semi-hard terpolymers having an excellent transparency 

25 and a low crystallinity, and a process for preparing same. 

Other objects and advantages of this invention will become apparent from the following description. 
The above object of this invention can be achieved by preparing a terpolymer containing 75.2 to 91.5 mol% 
propylene units, 7.5 to 14.9 mol% ethylene units and 1 .0 to 9.9 mol% 1-butene units by the use of a catalyst 
comprising (1 ) a solid substance which contains magnesium and titanium, (2) an organometallic compound 

30 and (3) an electron donor. 

Terpolymers according to this invention have remarkably superior characteristics as compared with 
conventional binary copolymers. Besides, the process for preparing those terpolymers of the invention is 
economical because it requires only a very small amount of the expensive starting a-olefins as compared 
with the preparation of conventional binary copolymers. 

35 The catalyst used in the process of this invention comprises the combination of (1 } a solid substance which 
contains magnesium and titanium, (2) an organometallic compound and (3) an electron donor. The said solid 
substance is obtained by supporting in known manner a titanium compound to an inorganic solid carrier, 
examples of the inorganic solid carrier being metallic magnesium, magnesium hydroxide, magnesium 
carbonate, magnesium oxide, magnesium chloride, as well as double salts, double oxides, carbonates, 

40 chlorides and hydroxides containing a metal selected from silicon, aluminium and calcium and magnesium 
atom, further these inorganic solid carriers after subjected to treatment or reaction with an oxygen- 
containing compound, a sulfur-containing compound, a hydrocarbon, or a halogen-containing substance. 

As the oxygen-containing compound referred to above, mention may be made of alcohols, aldehydes, 
ketones, ethers, carboxylic acids, and derivatives thereof. As the sulfur-containing compound, thiophene 

45 and thiol are preferred. As the hydrocarbon, aromatic hydrocarbons are preferred such as durene, 

anthracene, and naphthalene. And as the halogen-containing substance, halogenated hydrocarbons are 
preferred such as 1 ,2-dichloroethane, n-butyl chloride, t-butyl chloride, and p-chlorobenzene. 

Other examples of the solid substance suitably employable in the process of this invention include 
reaction products between organomagnesium compounds such as the so-called Grignard compounds and 

50 titanium compounds. The organomagnesium compounds are, for example, those represented by the 
general formulae RMgX, R 2 Mg, and RMg(OR) in which R is an organic radical having 1 to 24 carbon atoms 
and X is halogen, and ether complexes thereof, further these organomagnesium compounds after 
modification with other organometallic compounds, e.g. organosodium, organolithium, organopotassium, 
organoboron, organocalcium, and organozinc. 

55 By way of illustrating the titanium compound used in the process of this invention, mention may be made 
of halides, alkoxyhalides, oxides, and halogenate oxides, of titanium, for example, tetravalent titanium 
compounds which are represented by the general formula Ti(0R) fl X 4 ^ wherein R is alkyl, aryl or aralkyl 
having 1 to 24 carbon atoms and n is 0 *s n ^ 4 such as titanium tetrachloride, titanium tetrabromide, 
titanium tetraiodide, monoethoxytrichlorotitanium, diethoxydichlorotitanium, triethoxymonochlorotita- 

60 nium, tetraethoxytitanium, monoisopropoxytrichlorotitanium, diisopropoxydichlorotitanium, and tetraisop- 
ropoxytitanium; various titanium trihalides obtained by reducing titanium tetrahalides with hydrogen, 
aluminium, titanium or an organometallic compound; and trivalent titanium compounds such as 
compounds obtained by reducing various tetravalent alkoxytitanium halides of the general formula 
Ti(0R) m X4_ m wherein R is alkyl, aryl or aralkyl having 1 to 24 carbon atoms and m is 0 < m < 4, with an 

65 organometallic compound of a metal of the groups I to III of the Periodic Table. 
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Of these titanium compounds, tetravalent titanium compounds are specially preferred. 
By way of illustration, the following solid substances may be mentioned as typical examples (in the 
following formulae R represents an organic radical and X is halogen): MgO-RX-TiCI 4 system (see 
Japanese Patent Publication No. 3514/1976), Mg-SiCI 4 -ROH-TiCI 4 system (see Japanese Patent Publica- 

5 tion No. 23864/1975), MgCI 2 -AI(OR) 3 -TiCI 4 system (see Japanese Patent Publications Nos. 152/1976 and 5 
15111/1977, MgCI 2 -aromatic hydrocarbon-TiCU system (see Japanese Patent Publication No/48915/1977), 
MgCI 2 -SiCI 4 -RGH-TiCI 4 system (see Japanese Patent Publication No. 106581/1974), Mg(00CR) 2 AI(OR) 3 
-TiCI 4 system (see Japanese Patent Publication No. 1 1710/1977), MgCI 2 -RX-TiCI 4 system (see Japanese* 
Patent Laying Open Print No. 42584/1977), Mg-POCI 3 -TiCI 4 system (see Japanese Patent Publication No. 

10 153/1976), MgCI 2 -AIOCI-TiCI 4 system (see Japanese Patent Publication No. 15316/1979), RMgX-TiCI 4 10 
system (see Japanese Patent Publication No. 39470/1975), RMgX-chloropheno(-TiCI 4 system (see 
Japanese Patent Publication No. 12953/1979), RMgX-phenol-TiCI 4 system (see Japanese Patent Publica- 
tion No. 12954/1979). 

As the organometallic compounds used in the process of this invention, mention may be made of 
15 organometallic compounds of Groups l-IV metals of the Periodic Table which are known as a component of 15 
Ziegler catalysts, among which organoluminium compounds and organozinc compounds are specially 
preferred, for example, organoaluminium compounds of the general formulae R 3 AI, R 2 AIX, RAIX 2 , R 2 AIOR f 
RAl(OR)X, and R 3 AI 2 X 3 in which R is C, to C 20 alkyl or aryl and R may be alike or different and X is halogen, 
and organozinc compounds of the general formula R 2 Zn in which R is C, to C 20 alkyl and R may be alike or 
20 different, such as triethylaluminium, triisobutylaluminium, trihexylaluminium,trioctylaluminium,diethylalu- 20 
minium chloride, ethylaluminium sesquichloride, diethylzinc, and mixtures thereof. 

In the process of this invention, the amount of these organometallic compounds to be used is not specially 
limited, but usually 0.1 to 1000 mols per mol of the titanium compound may be used. 
As the electron donor used in the process of the invention are mentioned alcohols, ethers, ketones, 
25 aldehydes, organic acids, organic acid esters, acid halides, acid amides, amines, and nitriles. 25 
Examples of alcohols are those of C1 to C 18 such as methyl alcohol, ethyl alcohol, n-propyl alcohol, 
isopropyl alcohol, allyl alcohol, n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol, t-butyl alcohol, n-amyl 
alcohol, n-hexyl alcohol, cyclohexyl alcohol, decyl alcohol, lauryl alcohol, myristyl alcohol, cetyl alcohol, 
stearyl alcohol, oleyl alcohol, benzyl alcohol, naphthyl alcohol, phenol, and cresol. 
30 Examples of ethers are those of Cz to Cm such as dimethyl ether, diethyl ether, dibutyl ether, isoamyl ether, 30 
anisole, phenetole, diphenyl ether, phenylallyl ether, and benzofuran. 

Examples of ketones are those of C 3 to C 18 such as acetone, methyl ethyl ketone, methyl isobutyl ketone, 
methyl phenyl ketone, ethyi phenyl ketone, and diphenyl ketone. 
Examples of aldehydes are those of C 2 to C 1S such as acetaldehyde, propionaldehyde, octylaldehyde, 
35 benzaldehyde, and naphthaldehyde. 35 
Examples of organic acids are those of C, to C 24 such as formic acid, acetic acid, propionic acid, butyric 
acid, valeric acid, pivalic acid, caproic acid, caprylic acid, stearic acid, oxalic acid, malonic acid, succinic acid, 
adipic acid, methacrylic acid, benzoic acid, toluic acid, anisic acid, oleic acid, linolenic acid, and linoleic acid. 
As organic acid esters are mentioned those of C 2 to C 30 such as methyl formate, methyl acetate, ethyl 
40 acetate, propyl acetate, octyf acetate, ethyl propionate, methyl butyrate, ethyl valerate, methyl methacrylate, 40 
methyl benzoate, ethyl benzoate, propyl benzoate, octyl benzoate, phenyl benzoate, benzyl benzoate, ethyl 
o-methoxybenzoate, ethyl p-methoxybenzoate, butyl p-ethoxybenzoate, methyl p-toluylate, ethyl p- 
ethylbenzoate, methyl salicylate, phenyl salicylate, methyl naphthoate, ethyl naphthoate, and ethyl anisate. 
As acid halides are mentioned organic acid halides of C 2 to C 1fi such as acetyl chloride, benzyl chloride, 
45 toluic acid chloride, and anisic acid chloride. 

As acid amides are mentioned organic acid amides such as acetic amide, benzoic acid amide, and toluic 
acid amide. 

As amines are mentioned organic amines such as methyl amine, ethyl amine, diethyl amine, tnbutyi 
amine, piperidine, tribenzyl amine, aniline, pyridine, picoline, and tetramethylenediamine. 
50 As nitriles are mentioned organic nitriles such as acetonitrile benzonitrile, and tolunitnle. 50 

These electron donors, among which organic acid esters or ethers are specially preferred, may be used 
alone or in combination of two or more. 

As previously noted, the catalyst used in the process of this invention comprises (1 ) a solid substance 
which contains magnesium and titanium, (2) an organometallic compound and (3) an electron donor, in 
55 which the electron donor (3) may be fixed wholly or partially to the solid substance (1 ), or the whole or part of 55 
the electron donor (3) may be an adduct with the organometallic compound (2), or the whole of the electron 
donor or the remainder of the electron donor except the portion fixed to the solid substance (1 ) and/or the 
remainder of the electron donor except the portion used as an adduct with the organometallic compound (2) 



may be added to the polymerization system. 
60 The following are typical examples of the method of fixing electron donor to the solid substance (1 ): bo 
(i) Co-pulverizing together a magnesium-containing substance, a titanium compound and the electron 

d °(ii° r Adding a titanium compound to the reaction product of a magnesium-containing substance and the 
electron donor, followed by co-pulverizing. 
65 (iii) Adding a magnesium-containing substance to the reaction product of the electron donor and a et> 
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titanium compound, followed by co-pulverizing. 

(iv) Co-pulverizing a magnesium-containing substance and the electron donor, thereafter contacting a 
titanium compound with the resulting product in liquid phase or gas phase. 

(v) Further contacting in liquid phase a titanium compound with the product obtained in the above 

5 (iWiii). 5 
Co-pulverizing apparatus is not specially limited, but usually employed are ball mill, vibration mill, rod 
mill, and impact mill. Conditions for the co-pulverization, including co-pulverizing temperature and time, can 
be decided easily by those skilled in the art according to the pulverization system adopted. In general, the 
pulverizing temperature ranges from 0° to 50°C and the pulverizing time from 0.5 to 50 hours, preferably 
10 from 1 to 30 hours. 10 
In the case of contacting a titanium compound in liquid phase in the foregoing method (iv) or (v), the 
titanium compound may be contacted directly as a liquid or in an inert solvent such as hexane or heptane at 
a reaction temperature ranging from 0° to 150°C, then the solid component is separated and washed with an 
inert solvent, now ready for use as the solid component in this invention. 
15 In the process of this invention, the amount of a titanium compound to be used in preferably adjusted so 15 
that the titanium content of the resulting solid component is within the range of 0.5% to 1 0% by weight. In 
order to attain a well-balanced activity per titanium and that per solid, the range of 1% to 8% by weight is 
specially desirable. 

In the case of using the electron donor as an adduct with the organometallic compound (2), the molar ratio 
20 of the electron donor to the organometallic compound is preferably in the range of 1 : 2 to 2 : 1. 20 

In the process of this invention it is desirable that, in any of the foregoing modes of use of the electron 
donor, the total amount of electron donor present in the catalyst system be not less than 0.05 mol, preferably 
0.05 to 10 mols and most preferably 0.2 to 10 mols, based on the amount (gram-atom) of magnesium in the 
catalyst system. 

25 In this invention, ethylene, propylene and 1-butene are polymerized using a catalyst comprising (1) a solid 25 
substance which contains magnesium and titanium, (2) an organometallic compound and (3) an electron 
donor, to obtain a terpolymer containing 75.2 to 91.5 mol%, preferably 77.0 to 86.0 mol% and more 
preferably 77.0 to 83.5 mol% of propylene units, 7.5 to 14.9 mol%, preferably 8.0 to 14.0 mol% and more 
preferably 10.0 to 14.0 mol% of ethylene units, and 1 .0 to 9.9 mol%, preferably 6.0 to 9.0 mol% and more 

30 preferably 6.5 to 9.0 mol% of 1-butene units. The terpolymer thus obtained of this invention is a soft or 30 
semi-hard terpolymer having an excellent transparency and a low crystal! in ity. The above propylene 
content, ethylene content and 1 -butene content mean the content of repeating unit derived from the 
respective monomers. By feeding each monomer into the polymerization system in a quantitative relation 
according to each content, there can be obtained a terpolymer having the corresponding contents. 

35 The terpolymers of this invention have a moderate melting point based on DSC of 50° to 145°C, a haze 35 
value not larger than 40% when pressed to the thickness of 0.5 mm at 190°C and measured according to the 
method defined by JIS K 671 4, have a Shore C hardness (JIS) of usually 20 to 80, preferably 20 to 70 and 
more preferably 20 to 40, and have a density usually in the range of 0.86 to 0.91. Thus they possess good 
properties. 

40 In the terpolymers of this invention there are contained only very small amounts of boiling n-heptane 40 
insoluble matters, usually only about 0.01% to about 5% by weight. In this invention it is not required at all to 
remove those insoluble matters: that is, even without removal of boiling n-heptane insoluble matters the 
terpolymers prepared according to the process of this invention exhibit an excellent transparency and other 
superior properties. As set forth previously, the terpolymers of this invention have various characteristics, 

45 have a good processabiltty and are superior particularly in transparency, anti-blocking property, heat sealing 45 
property and flexibility, so can be formed suitably into various products, including films, sheets and hollow 
containers. Furthermore, the terpolymers of this invention can improve strength, impact resistance, 
transparency and low temperature characteristics by blending with various thermoplastic resins such as 
high-, medium- and low-density polyethylenes, polypropylenes, polybutenes, poly-4-methylpentene-1, and 

; 50 polystyrenes. Thus, they can be used also as a resin modifier. 50 
In the terpolymers of this invention, if the content of ethylene, that of propylene and that of 1 -butene are 
outside the condition specified herein, there will not be obtained terpolymers having such superior 
properties as in this invention, for example, the terpolymers obtained will be inferior in tensile strength and 
in transparency. 

55 The polymerization reaction using the catalyst of this invention is carried out in the same manner as the 55 
conventional olefin polymerization reaction using a Ziegler type catalyst. That is, the reaction is carried out in 
substantially oxygen- and water-free condition, in gas phase or in liquid phase in the presence of an inert 
solvent or with monomers as solvent. Polymerization conditions involve temperatures ranging from 20° to 
300°C, preferably from 40° to 180°C, and pressures from atmospheric pressure to 70 kg/cm 2 G, preferably 

60 from 2 to 60 kg/cm 2 G. The molecular weight can be adjusted to some extent by changing polymerization 60 
conditions such as the polymerization temperature and the molar ratio of catalyst, but the addition of 
hydrogen into the polymerization system is more effective for this purpose. Of course, using the catalyst of 
this invention there can be performed without any trouble two or more stage polymerization reactions 
having different polymerization conditions such as different hydrogen concentrations and different 

65 polymerization temperatures. 65 
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Working examples of this invention are given below for purpose of illustration only to practise the 
invention, and are not intended to limit the invention. 

EXAMPLE1 
5 (1) Catalyst component preparation 

10 g. of anhydrous magnesium chloride and 0.5 ml of 1,2-dichloroethane were placed in a stainless steel 5 
P< * a content volume of 400 mL and containing 25 stainless steel balls each 1/2 inch in diameter, then 

a ball milling was performed for 16 hours at room temperature in a nitrogen atmosphere. Thereafter, 1.8 g. of 
titanium tetrachloride was added and again a ball milling was made for 16 hours at room temperature in a 
10 n.trogen atmosphere. The resulting solid powder contained 39 mg. of titanium per gram thereof. * 10 

(2) Polymerization 

A 2 litre stainless steel autoclave equipped with an induction stirrer was purged with nitrogen, into which 
WG ^ u Charged U of refined n-nexane, 2 millimols of triethylaluminium, 0.7 millimol of ethyl benzoate 

15 and further 80 mg. of the solid powder obtained above, and the temperature was raised to 90°C with stirring ,* 
The system was pressurized to 1.9 kg/cm 2 G due to the vapor pressure of hexane, then a mixed gas 
consisting of 80 mol% propylene, 13 mol% 1-butene and 7 mol% ethylene was introduced to a total pressure 
of 6 kg/cm G, under which condition a polymerization was started. The polymerization was continued for 1 
hour while the mixed gas was introduced continuously so as to maintain the total pressure at 6 kg/cm 2 G 

20 Thereafter, the interior of the autoclave was transferred into a large amount of isopropyl alcohol to allow M 
terpolymer to precipitate, followed by washing and then drying overnight in a reduced pressure drier at 50°C 
to yield 1 10 g. of terpolymer. 
The catalyst activity was 35,200 g.polymer/g.Ti, and the terpolymer had the following physical properties. 

25 Shore C hardness (JIS): 31 

Haze (0.5mm sheet): 15% 
Boiling n-heptane insoluble 

Potion: 0.51 wt% 

Composition of the terpolymer Propylene: Ethylene: 1-Butene 

30 (mol%): 80.5 12.6 6.9 30 

Comparative Example 1 

Polymerization was made in the same manner as in Example 1 except that the composition of the mixed 
gas was changed into 88 mol% propylene and 12 mol% 1-butene. As a result, 105 g. of terpolymer was 
35 obtained. The physical properties of this terpolymer are set out in Table 1. 35 

Comparative Example 2 

Polymerization was made in the same manner as in Example 1 except that the composition of the mixed 
gas was changed into 95 mol% propylene and 5 mol% ethylene. As a result, 103 g. of terpolymer was 
40 obtained. The physical properties of this terpolymer are set out in Table 1 . 40 



Comparative Example 3 

Polymerization was made in the same manner as in Example 1 except that the composition of the mixed 
gas was changed into 84.5 mol% propylene, 14 moi% 1 -butene and 1 .5 mol% ethylene. As a result, 91 g. of 
45 terpolymer was obtained. The physical properties of this terpolymer are set out in Table 1. 45 



TABLE 1 



Terpolymer Composition. (mol%) Boiling n-heptane Haze 

50 „ insoluble portion (0.5mm sheet) 

Propylene Ethylene 1 -Butene (wt.%) {%) 



50 



Comp. Ex.1 91 . 9 60.3 

Comp.Ex.2 90 10 - 57.8 

55 Comp. Ex.3 89 3 8 



53.7 
51.6 

79.5 49.0 55 



Reference to Table 1 clearly shows that the binary copolymers obtained in Comparative Examples 1 and 2, 
and even the terpolymer obtained in Comparative Example 3 when deviating from the conditions specified 
m this invention, contain a large proportion of boiling n-heptane insoluble portion and are much inferior in 
60 transparency as compared with the terpolymer obtained in Example 1. 

Comparative Example 4 

Polymerization was conducted in the same manner as in Example 1 except that the composition of the 
mixed gas was changed into 83 mol% propylene, 7 mol% 1-butene and 10 mol% ethylene, to yield 1 10 g. of 
65 copolymer. The composition of the terpolymer was 77 mol% propylene, 4 mol% 1-butene and 19 mol% 



60 
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etheylene. The terpolymer was softer, having a Shore A hardness of 69, and low in tensile strength, thus was 
inferior in strength. 



Comparative Example 5 

5 Polymerization was conducted in the same manner as in Example 1 except that the composition of the 5 
mixed gas was changed into 59.5 mol% propylene, 40 mol% 1-butene and 0.5 mol% ethylene, to yield 82 g. 
of terpolymer. The composition of the terpolymer was 70 mol% propylene, 29 mol% 1-butene and 1 mol% 
ethylene. The terpolymer was hard, having a Shore C hardness of 83, and was superior in transparency, but 
is disadvantageous in that it is not economical because the amount of 1-butene used is large. 
10 « 
Comparative Example 6 

Polymerization was conducted in the same manner as in Example 1 except that the composition of the 
mixed gas was changed into 82 mol% propylene, 12 mol% 1-butene and 6 mol% ethylene and that ethyl 
benzoate was not added into the polymerization system, to yield 1 1 5 g. of terpolymer. The composition of 
1 5 the terpolymer was 81 mol% propylene, 7 mol% 1 -butene and 1 2 mol% ethylene. The terpolymer exhibited 1 5 
stickiness on the surface of a pressed sheet thereof, having a low tensile strength and thus being inferior in 
strength. 

EXAMPLE 2 

20 Polymerization was conducted in the same manner as in Example 1 except that the composition of the 20 
mixed gas was changed into 83 mol% 13 mol% 1-butene and 4 mol% ethylene, to yeild 98 g. of terpolymer. 
The catalyst activity was 31 ,400g.polymer/g.Ti. The polymer had the following physical properties. 



Shore C hardness (JIS): 38 
25 Haze <0.5mm sheet): 18% 25 

Boiling n-heptane insoluble 

portion: 0.6wt.% 

Composition of the terpolymer Propylene: Ethylene: 1 -Butene 

<mol%) 84.7 8.2 7.1 

30 30 
EXAMPLE 3 su 

Polymerization was made in the same way as in Example 1 except that the composition of the mixed gas 
was changed into 89 mol% propylene, 5 mol% 1-butene and 6 mol% ethylene, to yield 120 g. of terpolymer. 
The catalyst activity was 38,400g.polymer/g.Ti. The terpolymer had the following physical properties. 



35 



35 



Shore C hardness (JIS): 37 

Haze (0.5mm sheet): 19% 
Boiling n-heptane insoluble 

portion: 0.8 wt% 

40 Composition of the terpolymer Propylene: Ethylene: 1 -Butene 40 

(mol%) 85.3 11.7 3.0 



EXAMPLE 4 

Polymerization was made in the same way as in Example 1 except that the polymerization temperature 
45 was changed to 50°C, to yield 68 g. of terpolymer. The catalyst activity was 21 ,800g.polymer/g.Ti. The 45 
physical properties of the terpolymer were as follows. 



Shore C hardness (JIS): 31 
Haze (0.5mm sheet): 16% 
50 Boiling n-heptane insoluble 

portion: 0.50 wt.% 

Composition of the terpolymer Propylene: Ethylene: 1-Butene 

(moi%> 80.3 13.0 6.7 

55 EXAMPLES 

(1) Catalyst component preparation 

A 300 ml. three necked flask equipped with a stirrer and a reflux condenser was purged with nitrogen, into 
which were then charged 10 g. of a commercially available anhydrous magnesium chloride and 33.6 g. of 
ethanol, followed by stirring at 100°C to allow magnesium chloride to dissolve, then 35.5 g. of silicon 

60 tetrachloride was dropwise added over a period of 10 minutes. Thereafter, the reaction was allowed to 
proceed for further 1 hour and then drying was applied at 250°C under reduced pressure to obtain a white 
powdered reaction product. The white powder thus obtained was mixed with 50 mols of titanium 
tetrachloride and reaction was allowed to proceed for 1 hour at 1 30°C Thereafter, the reaction product was 
washed with hexane, and the washing was repeated unitl titanium tetrachloride was not recognized in the 

65 washing. 



50 



55 
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The solid portion obtained was dried and analyzed to find that it contained 21 .1 mg, of titanium per gram 
thereof. 

(2) Polymerization 

5 Polymerization was made in the same way as in Example 1 except that there was used 150 mg. of the solid 
powder obtained above, to yield 1 13 g. of terpolymer. The catalyst activity was 35,800. poly mer/g.Ti, and the 
physical properties of the terpolymer were as follows. 

Shore C hardness (JIS): 32 

10 Haze (0.5mm sheet): 15% 

Boiling n-heptane insoluble 

portion: 0.51 wt.% 

Composition of the terpolymer Propylene: Ethylene: 1-Butene 



15 



(mol%) 80.6 12.6 6.8 



10 



15 



20 



25 



EXAMPLE 6 

Polymerization was made in the same way as in Example 5 except that the composition of the mixed gas 
was changed into 80 mol% propylene, 16 mol% 1-butene and 4 mol% ethylene, to yield 99 g. of terpolymer. 
The catalyst activity was 3 1,300g.poly mer/g.Ti, and the physical properties of the terpolymer were as 
20 follows. 

Shore C hardness (JIS): 37 
Haze (0.5mm sheet): 15% 
Boiling n-heptane insoluble 
25 portion: 0.55 wt% 

Composition of the Propylene: Ethylene: 1-Butene 

terpolymer (mol%): 81.9 9.1 9.0 

EXAMPLE 7 

30 Polymerization was made in the same way as in Example 5 except that the composition of the mixed gas 30 
was changed into 76.5 mol% propylene, 17.0 mol% 1-butene and 6.5 mol% ethylene and that the 
polymerization temperature was 85°C, to yield 108 g. of terpolymer. The catalyst activity was 34.200g.poly- 
mer/g.Ti, and the physical properties of the terpolymer were as follows. 

35 Shore C hardness (JIS): 29 35 

Haze (0.5mm sheet) : 1 3% 
Boiling n-heptane insoluble 

portion: 0.47 wt.% 

Composition of the . Propylene: Ethylene: 1-Butene 

40 terpolymer (mol%): 77.5 13.0 9.5 40 

CLAIMS 

1 . A process for preparing a soft or semi-hard terpolymer having an excellent transparency and a low 

45 crystailinity, which process comprises polymerizing ethylene, propylene and 1-butene, using a catalyst 45 
comprising (1 ) a solid substance which contains magnesium and titanium, (2) an organometallic compound 
and (3) an electron donor, so that the terpolymer contains 75.2 to 91.5 mol% propylene, 7.5 to 14.9 mol% 
ethylene and 1 .0 to 9.9 mol% 1 -butene. 

2. The process as defined in claim 1 , in which said magnesium component is a magnesium containing 

50 inorganic solid compound. 50* 

3. The process as defined in claim 2, in which said magnesium containing inorganic solid compound is a 
member selected from the group consisting of metallic magnesium, magnesium hydroxide, magnesium 
carbonate, magnesium oxide and magnesium chloride. 

4. The process as defined in claim 2, in which said magnesium containing inorganic solid compound is a 

55 member selected from the group consisting of double salt, double oxide, carbonate, chloride and hydroxide 55 
containing magnesium atom and a metal selected from silicon, aluminium and calcium. 

5. The process as defined in claim 2, or claim 4 in which said magnesium containing inorganic solid 
compound is further treated or reacted with a member selected from the group consisting of an 
oxygen-containing compound, a sulfur-containing compound, a hydrocarbon, and a halogen-containing 

60 compound. 60 

6. The process as defined in any one of claims 2 to 5, in which said solid substance is obtained by 
supporting a titanium compound to the magnesium containing inorganic solid compound. 

7. The process as defined in claim 1 , in which said solid substance is the reaction product of an 
organomagnesium compound and a titanium compound. 

65 8. The process as defined in claim 7, in which said organomagnesium compound is a compound 65 
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represented by the general formula RMgX, R 2 Mg, or RMg(OR) where R is an organic radical and X is 
halogen. 

9. The process as defined in claim 1 , 6, 7 or 8, in which said titanium component is a member selected 
from the group consisting of halide, alkoxyhalide, oxide and halogenated oxide, of titanium. 
5 10. The process as defined in any one of claims 1 to 9, in which said organometallic compound is a 5 
member selected from the group consisting of an organoaluminium compound and an organozinc 
compound. 

11. The process as defined in claim 10, in which said organoaluminium compound is a compound 
represented by the general formular R3AI, R 2 AIX ( RAIX 2 , R 2 AI0R, RAI(OR)X, or R3AI2X3 where R is a C, to C 20 

10 alkyl or aryl group and X is halogen atom. 10 

12. The process as defined in claim 10, in which said organozinc compound is a compound represented 
by the general formula R 2 Zn where R is a C 1 to C 20 alkyl group. 

13. The process as defined in any one of claims 1 to 12, in which said electron donor is at least one 
member selected from the group consisting of alcohols, ether, ketones, aldehydes, organic acids, organic 

15 acid esters, acid halides, acid amides, amines, and nitriles. 15 

14. The process as defined in anyone of claims 1 to 13, in which the polymerization reaction is carried 
out at a temperature in the range of 20° to 300°C and at a pressure in the range of atmospheric pressure to 70 
kg/cm 2 *G. 

15. A process as claimed in claim 1, substantially as hereinbefore described with particular reference to 

20 the Examples. 20 

16. A process as claimed in claim 1, substantially as illustrated in any one of the Examples. 

17. A terpolymer of ethylene, propylene and 1-butene r when prepared by the process claimed in any one 
of the preceding claims. 

18. An ethylene/propylene/1-butene terpolymer characterized by containing 75.2 to 91.5 mol% propy- 

25 lene, 7.5 to 14.9 moi% ethylene and 1.0 to 9.9 mol% 1-butene, having a melting point based on DSC of 20° to 25 
145°C, a haze value not larger than 40% when pressed to the thickness of 0.5mm at 190°C and measured 
according to JISK 6714, a Shore C hardness based on JIS of 20 to 80 and a density of 0.86 to 0.91 , and 
containing 0.01% to 5% by weight of boiling n-heptane insoluble portion. 

19. The terpolymer as defined in claim 18, in which the propylene content ethylene content and 1-butene 

30 content are 77.0 to 86.0 mol%, 8.0 to 14.0 mol% and 6.0 to 9.0 mol%, respectively. 30 

20. The terpolymer as defined in claim 18, in which the propylene content, ethylene content and 1-butene 
content are 77.0 to 83.5 mol%, 1 0.0 to 1 4.0 mol% and 6.5 to 9.0 mol%, respectively. 

21. An ethyiene/propylene/1-butene terpolymer as claimed in claim 18, substantially as hereinbefore 
described with particular reference to the Examples. 

35 22. An ethylene/propylene/1-butene terpolymer as claimed in claim 18, substantially as illustrated in any 35 
one of the Examples. 
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